S Y N 0 P S I S Patients suffering from severe migraine, usually for many years, have been examined by the EMI scanner between attacks. Judged by criteria validated originally by comparison with pneumoencephalography, about half of the patients showed evidence of cerebral atrophy. Perhaps of more significance than generalised atrophy was the frequency of areas of focal atrophy and of evidence of infarction.
Although migraine is a common disease afflicting between 5% and 10% of the population (Friedman, 1971) , little is known about either the underlying pathological changes which are present during an attack or the structural changes, if any, which may occur in the brain after one or many episodes. This difficulty in obtaining information arises from the fact that migraine is rarely a fatal illness, and such information as we have is derived from studies of those vessels which are visible in the retina, from the very small number of postmortem studies which have been reported in patients dying from migraine and its complications, and from a few angiographic and cerebral blood flow studies.
Computerised axial tomography (CAT) (EMI scanning) offers a new opportunity for the visualisation of pathological changes in the brain occurring in the course of non-fatal illness.
Symonds (1951) suggested that slight, but cumulative structural damage may result from repeated attacks of migraine. We have therefore analysed the results of CAT in a group of patients suffering from severe migraine in an attempt to determine whether structural damage does occur. (Table) . The mean duration of the disorder since onset in these patients (18 years) was similar to In a further attempt to find a correlation between clinical findings and CAT scan appearance, the relevance of permanent neurological sequelae of migraine was explored. Here a clear correlation was evident. Thirteen of our patients had permanent neurological sequelae and, of these, 11 had abnormal CAT scans. There was a tendency for the severity of the clinical sequelae to correlate with the degree of abnormality on the CAT scan. Thus the two patients who had normal CAT scans were one who had a central scotoma in the left eye and one who had mild bilateral visual impairment with minimal clumsiness of the right hand. By contrast there were five patients with residual hemiparesis or hemiplegia, all of whom showed abnormalities which, in some cases, were striking. The difficulty in this group with permanent neurological sequelae is to exclude other vascular causes for the pathological changes.
There were two principal types of abnormal findings on the CAT scans of patients with and without permanent neurological sequelae as well as a heterogeneous collection of unrelated abnormalities. These two principal abnormalities were cerebral atrophy and cerebral infarction.
ATROPHY
Fourteen patients showed unequivocal evidence of cerebral atrophy (enlarged ventricles and/or cortical subarachnoid spaces) judged by evidence validated by Gawler et al. (1976) in comparison with pneumoencephalograms. Within this group was a man aged 27 ( Fig. 1 ) and another aged 29 years.
INFARCTION
The diagnosis of an infarct is made when an area of brain tissue, often wedge-shaped and more or less representing a vascular or watershed territory, becomes translucent to x-rays and is associated with an appropriate clinical picture. The translucency may evolve over 24-48 hours, sometimes with some associated swelling. Thereafter it diminishes in extent at the same time as it becomes more translucent. Ventricles and subarachnoid spaces begin to show evidence of displacement towards the lesion. In about three weeks the infarct is mature, a well-defined, intracerebral, low-density region, usually with evidence of localised brain atrophy. Such lesions were seen in six patients. As with atrophy, there is some difficulty in determining the degree to which migraine could be convicted of causing the change, but in two or perhaps three of the six the relationship of the clinical story and the angiographic and CAT scan appearances strongly suggests that migraine was causative. The first patient, in whom the association was very strong, was a 30 year old man with a 10 year history of migraine which previously had not been associated with visual disturbance. After one episode he developed a permanent right upper quadrantanopia, and at angiography was found to have occlusion of the left posterior cerebral artery. His CAT scan showed a left occipital infarct. The second patient was similar to the first and showed an infarct of the left posterior temporal region (Fig.  2) . The third patient, one in whom the possibility of other small vessel disease also had to be considered, was a woman of 54 years who had had migraine on and off for 43 years, her attacks being associated with left hemiplegia, dysphasia, hemianopia, and loss of consciousness. A right carotid angiogram in 1971 showed vessels of irregular calibre with some narrowed segments.
Her CAT scan showed extensive, bilateral areas of translucency which we have interpreted as infarction (Fig. 3) One other patient needs to be mentioned here, a 57 year old man with a 47 years history of vertebrobasilar migraine who had developed signs which suggested a left cerebral infarct. His CAT scan showed curious bilateral areas of decreased density in the cerebral hemispheres which may have represented oedema.
HEMIPLEGIC MIGRAINE There were 13 patients with hemiplegic migraine, defined as loss of power in one or both limbs on the affected side. Six of these had normal CAT scans, two had generalised atrophy, and three had infarcts (one of these was the previously described patient with the severe narrowing of the internal carotid artery). Eight of the patients had permanent neurological deficits, and of these two had normal CAT scans and two showed infarction. The duration of illness for the patients with hemiplegic migraine was slightly greater than that for the group as a whole, but there was one 12 year old patient who had begun to have attacks of alternating hemiplegia at the age of 3 years. Despite slight residual left-sided weakness after at least three episodes of hemiplegia, which had persisted for periods of up to three months, this patient's CAT scan was normal. His migraine was of the vertebrobasilar type.
ERGOT
The relationship of atrophy and infarction to treatment is of interest. These patients had had a wide variety of medication. One can say, however, that of the 22 cases with normal CAT scans in whom the history of medication was known, 12 had had an ergot preparation. Likewise, five out of eight cases with atrophy had had ergot. Of those patients with infarcts the drug history was known only in two cases, neither of whom had been given ergot.
DISCUSSION
It has been suggested previously (Symonds, 1951) that slight, but cumulative structural damage in the brain occurs as a result of repeated attacks of migraine, and Bradshaw and Parsons (1965) have emphasised that, although residual sequelae are rare, the fact that they are sometimes seen suggests that infarction has occurred. Remarkably few necropsy studies are available. Guest and Woolf (1964) reported the case of a 28 year old man who died after a migraine episode. He had brain stem ischaemia and infarction of left frontal gyri which, in the absence of visible arterial occlusion, were thought to be due to arterial spasm. Peters (1934) reported a case of cerebral haemorrhage in a patient with headaches which were typical of migraine, but other features of the history and findings are most unusual and the diagnosis of migraine must therefore be questioned. Whitty (1953) reported a case of Oppenheim's in 1890, which at necropsy showed extensive thrombosis of the left middle cerebral artery. Buckle et al. (1964) described a patient who died from cerebral infarction after an episode which might have been migraine. The angiogram showed severe bilateral spasm. No other cause for death was found.
Cerebral arteriography has been performed in many patients with migraine (Bradshaw and Parsons, 1965; Blend and Bull, 1967; O'Connor, 1973) and, apart from those cases which were found to have arteriovenous malformations, the great majority were normal. Dukes and Vieth (1964) , however, found a progressive decrease of filling of the internal carotid system during the prodromal phase, with a normal angiogram during the succeeding headache. and these findings are in accord with those of cerebral blood flow measurements (Skinh0j, 1971) . Bradshaw and Parsons (1965) There are two reassuring features of our small series, in spite of the fact that we have confirmed the association of migraine and cerebral infarction and in spite of the association between hemiplegic migraine and organic changes. These features are (1) that in spite of life-long severe migraine some of the CAT scans were normal, and (2) there is no obvious association between CAT abnormality and medication with ergot.
